It is widely accepted that the frontal lobes play an important role in memory. With certain exceptions such as confabulation ([@c28]), memory impairments in frontal patients are generally thought to be secondary to impairments in executive processes (e.g., planning, inhibition, monitoring) rather than a memory deficit per se ([@c12]). In particular, the frontal lobes are thought to contribute to the monitoring and control of memory processes during encoding and retrieval ([@c11]; [@c20]; [@c24]). In a meta-analysis of frontal patients' memory performance, [@c30] found that frontal patients were impaired in 80% of studies involving free recall tests, 50% of studies involving cued-recall tests but only 8% of studies involving recognition memory tests. The greater frontal impairment on free recall compared to cued recall and recognition memory was explained in terms of free recall placing greater demands on strategic retrieval than cued recall or recognition memory.

Early studies of recognition memory reported that frontal patients are not impaired (e.g., [@c10]; [@c18]). For example, [@c10] reported no impairment in recognition memory performance in a small group of patients with frontal lesions due to an abscess, cerebrovascular accident, or traumatic brain injury. Impairments were also not found in a larger group of 59 patients who underwent excisions in either the frontal or frontotemporal lobes for the relief of epilepsy ([@c18]). However, some frontal patients have demonstrated impairments on recognition memory tasks, often due to a tendency to produce a higher number of false alarms (e.g., [@c1]; [@c3]; [@c6]; [@c15]). For instance, [@c3] demonstrated difficulties in differentiating between targets and distractors on a verbal recognition task in a small number of 11 patients with lesions due to infarction, aneurysm rupture, arteriovenous malformation, cyst, or meningioma. In studies where frontal patients have been subdivided into frontal subgroups, a high rate of false alarms has been reported in left dorsolateral prefrontal patients ([@c1]). Generally, though, impairments in recognition memory performance in frontal patients tend to be reported less consistently than deficits in free recall performance.

Few patient studies have, however, allowed comparison of recall and recognition performance in the same frontal lobe patients. Those few studies that have compared recall and recognition have reported inconsistent findings. Some studies have reported impairments in both recall and recognition memory (e.g., [@c1]; [@c3]; [@c14]), whereas others have demonstrated disproportionate impairments in free recall (e.g., [@c10]; [@c25]) or recognition (e.g., [@c6]; [@c23]). It should be noted that in some of these studies recognition memory performance has been confounded by ceiling effects ([@c10]). They also differ in their design with some studies using a multiple-alternative forced-choice design but others using single-item decisions to targets and lures. Wheeler and colleagues' meta-analysis included recognition memory data from studies adopting both these designs.

The Doors and People Test was devised by [@c2] for the purpose of directly comparing recall and recognition performance within the same test. It includes four subtests assessing recall and recognition for both verbal and visual information, which are thought to be comparable in terms of difficulty (e.g., [@c16]). [@c4] argued for the importance of matching tests used to assess individuals with neurological disorders for mean difficulty to ensure poor performance refers to a specific impairment rather than simply being an artifact. Moreover, standardized scores are available for all subtests so one can use the variability of the normal population to assess the degree of impairment on the different subtests. A previous neuropsychological study investigating specialization within the medial temporal lobes when performing the Doors and People Test reported poor verbal recall and recognition memory performance associated with left medial temporal lobe lesions and poor visual recall and recognition memory performance associated with right medial temporal lobe lesions ([@c19]). To the best of our knowledge, no studies so far have investigated frontal patients' performance on the different subtests of the Doors and People Test.

Method {#s2}
======

Participants {#s3}
------------

The patient group was recruited from the National Hospital for Neurology and Neurosurgery and consisted of 47 frontal patients (27 men, 20 women), of whom 41 were right-handed. No patients had any other significant neurological or psychiatric disorders. Patients were excluded if they had received radiotherapy or chemotherapy over the previous 4 weeks. Antiepileptic drugs were allowed, but all patients had to have taken their current medication for at least 2 months to reduce the risk of any side effects impacting upon their neuropsychological performance. The frontal lesions were classified by a neurologist (Marco Bozzali) on the basis of MRI scans (or CT scans where MRI was unavailable). They had to show a focal, unilateral lesion of the frontal lobes, in the absence of any remarkable abnormality in the rest of the brain. The etiologies included tumors/abscesses: glioma = 20; meningioma = 10; abscess = 1; and lesions due to vascular malformations and/or bleeding: anterior communicating aneurysm = 12; subarachnoid hemorrhage of unknown etiology = 2; cerebral cavernous malformation = 1; arteriovenous malformation = 1. Importantly, it has previously been documented that there is no significant difference in the performance of high or low grade tumor, meningioma or stroke on a series of executive, naming and perception tests. This suggested that grouping together patients with different etiologies is methodologically justifiable ([@c5]). The time since lesion onset/surgery was 12.93 months (*SD* = 23.77).

Patient performance was compared with 78 healthy controls (40 men, 38 women), who had no previous history of head injury or stroke, major neurological or psychiatric illness, or alcohol abuse. Sixty-eight were right-handed. The frontal patients and the healthy controls did not differ significantly in terms of age (*M* = 46.06, *SD* = 13.31 and *M* = 48.83, *SD* = 13.44, respectively, *p* = .31) or years of education (*M* = 13.51, *SD* = 3.28 and *M* = 13.44, *SD* = 3.06, respectively, *p* = .90). All participants were native English speakers. The study was approved by the National Hospital for Neurology and Neurosurgery & Institute of Neurology Joint Research Ethics Committee. Consent was obtained according to the Declaration of Helsinki.

Procedure {#s4}
---------

### Background neuropsychological measures {#s5}

All patients and controls performed the National Adult Reading Test---Revised to estimate premorbid levels of functioning ([@c21]) and Raven's Progressive Matrices to assess nonverbal abstract reasoning ([@c22]). The Graded Naming Test ([@c17]) assessed naming abilities and the Fragmented Letters subtest from the Visual Object and Space Perception Battery ([@c29]) assessed perceptual abilities. Executive abilities were assessed in terms of phonemic fluency using the Controlled Oral Word Association (letters F, A, and S; [@c26]) and inhibition using the Stroop Test ([@c27]).

### Doors and People Test {#s6}

The Doors and People Test was administered according to the procedure described in the manual ([@c2]). The subtests were administered in the following order: immediate verbal recall, visual recognition, delayed verbal recall, immediate visual recall, verbal recognition, and delayed visual recall. Both recognition memory tasks adopt a multiple-alternative forced-choice design.

#### Verbal recall (People subtest) {#s7}

Photographs of four characters with their names and occupations printed below are presented for 3 seconds each and the character's name and occupation is read aloud (e.g., "This is the minister. His name is Cuthbert Cattermole"). Immediately after all four pictures are presented, participants are given each character's occupation and asked to recall the associated name (e.g., "What is the name of the minister?"). This procedure is repeated until all four names are correctly recalled (a maximum of three times). One point is awarded for each first name and surname correctly recalled with an additional mark for each correct pairing (maximum out of 36) and an age-scaled score is obtained. Lastly, delayed recall of the names was assessed after administration of the visual recognition subtest. A verbal forgetting score is derived from the difference between the scores on the final trial on the immediate recall subtest and the delayed recall subtest.

#### Visual recall (Shapes subtest) {#s8}

Four simple line drawings of crosses are presented for 5 s each and participants are asked to copy them. Participants are then asked to immediately draw the four shapes from memory. The procedure is repeated until all four shapes are recalled correctly (a maximum of 3 times). However, the shapes are not copied for the second and third trials. Finally, delayed recall of the shapes was assessed after the verbal recognition subtest. Each drawing is awarded a maximum of 3 points and an age-scaled score is obtained from the total score for the three trials (out of 36). A delayed visual recall age-scaled score is derived from the maximum score of 12.

#### Verbal recognition (Names subtest) {#s9}

In part A of the Names subtest, 12 female names (both the forename and surname) are shown for 3 s each (e.g., Diane Neeson), and participants are asked to read the names out loud. Participants are immediately presented with 12 lists of four names (the target name together with three distracter names) and asked to choose the target name. For part B, this procedure is then repeated with 12 male names. One point is awarded for each correct answer giving a total score out of 24 and then an age-scaled score is derived.

#### Visual recognition (Doors subtest) {#s10}

In parts A and B of the Doors subtest, participants are presented with 12 colored photographs of different types of doors for 3 s each. The same target doors are then presented immediately afterward in a 2 × 2 array together with three distracter doors from the same category (e.g., a stable door) and participants are asked to identify the target door. In part A, the distracters are different categories of door to the target door (e.g., a garage door, a French door, a front door) whereas in part B, the distracters are the same type of door (e.g., all stable doors). One point is awarded for each correct response and the combined A and B scores (out of 24) are used to obtain an age-scaled score.

Statistical Analysis {#s11}
--------------------

Shapiro-Wilks tests demonstrated that the data for the frontal patients and the healthy control group on the background neuropsychological tests and the subtests from the Doors and People Test were often not normally distributed (*p* ≤ .02). Bootstrap analyses were therefore conducted as they require fewer assumptions than traditional parametric tests and are desirable when control data are positively skewed ([@c7]). One thousand bootstrap resamples were created by randomly resampling with replacement from the original data. A 95% confidence interval (CI) for the mean is estimated using these 1,000 bootstrap samples. The 1,000 resamples were then examined using independent samples *t* tests to compare the performance of the frontal and control groups on each of the background neuropsychological and experimental tests. In addition, frontal patients with tumors/abscesses (*n* = 32) or vascular lesions (*n* = 15) were compared using independent samples *t* tests.

Results {#s12}
=======

Background Neuropsychological Measures {#s13}
--------------------------------------

[Table 1](#tbl1){#tbc1-1 ref-type="table"} shows the means, standard deviations, and minimum and maximum values for the frontal patients and healthy controls on the background neuropsychological measures. The frontal group were significantly less accurate at naming on the Graded Naming Test compared to the healthy controls, *t*(76.25) = −2.38, *p* \< .05 (95% CI = −4.07 to −0.38). On the executive measures, the frontal group produced significantly fewer words on fluency compared to controls, *t*(123) = −5.84, *p* \< .005 (95% CI = −20.52 to −10.42), and were significantly slower than the controls on Stroop Color-Word time, *t*(41.28) = 2.52, *p* \< .05 (95% CI = 9.22 to 57.81). The frontal and control groups did not significantly differ in performance on the National Adult Reading Test---Revised (*p* = .10), Raven's APM (*p* = .43), fluency errors (*p* = .73), Stroop Color-Word errors (*p* = .13), or the Fragmented Letters test (*p* = .58).[](#tbl1){ref-type="table-anchor"}

Doors and People Test {#s14}
---------------------

For each subtest, the mean raw score that gave rise to a scaled score of 10 (average performance) over the five age groups in the Doors and People Test manual was divided by the subtest's maximum score. This led to the following percentage difficulty scores for each subtest: verbal recall = 71.67%; verbal recognition = 71.67%; visual recall = 82.78% and visual recognition = 74.17%. The percentage difficulty scores suggest that while visual recall is possibly slightly easier than the other subtests, the authors of the Doors and People Test made a reasonable attempt to match the subtests for difficulty.

Performance on the Doors and People Test was converted into age-scaled scores to allow for direct comparison across subtests (see [Table 2](#tbl2){#tbc2-1 ref-type="table"}). Analysis of the overall recall score demonstrated that the frontal group recalled significantly fewer items than the control group (*M* = 8.77, *SD* = 3.37; *M* = 11.35, *SD* = 3.24, respectively), *t*(123) = −4.25, *p* \< .005 (95% CI = −3.87 to −1.32). Frontal patients also recognized significantly fewer items than controls when the overall recognition scores were compared (*M* = 9.60, *SD* = 3.27; *M* = 11.47, *SD* = 3.19, respectively), *t*(123) = −3.16, *p* \< .005 (95% CI = −3.06 to −0.66).[](#tbl2){ref-type="table-anchor"}

### Verbal recall (People subtest) {#s15}

An independent samples *t* test revealed that the frontal group recalled significantly fewer names than the controls on immediate verbal recall, *t*(123) = −3.59, *p* \< .0001. There was significantly more verbal forgetting in the frontal group compared with controls, *t*(77.90) = −3.59, *p* \< .005. However, tumor/abscess and vascular patients did not significantly differ on either measure (*p* \> .31).

### Visual recall (Shapes subtest) {#s16}

The frontal patients recalled significantly fewer items than the controls on immediate visual recall, *t*(123) = −3.50, *p* \< .005, but there was no significant difference between the frontal and control groups in terms of visual forgetting (*p* = .93). The frontal subgroups did not significantly differ (*p* \> .18).

### Verbal recognition (Names subtest) {#s17}

The frontal patients recognized significantly fewer names than the healthy controls on verbal recognition, *t*(123) = −2.49, *p* \< .05. However, the frontal subgroups did not significantly differ (*p* = .70).

### Visual recognition (Doors subtest) {#s18}

On visual recognition, the frontal patients performed significantly more poorly than the healthy controls, *t*(123) = −2.72, *p* \< .01. The frontal subgroups did not significantly differ (*p* = .57).

The effect sizes (Cohen's *d*) for the frontal patients were calculated (verbal recall: *M* = −0.66, *SD* = 1.03; visual recall: *M* = −0.69, *SD* = 1.16; verbal recognition: *M* = −0.47, *SD* = 1.05; visual recognition: *M* = −0.49, *SD* = 0.92). A repeated measures analyses of variance revealed no significant effect of memory measure on performance (*p* = .16). This result suggests that the size of the difference between the frontal patients and healthy controls' performance did not significantly differ across the verbal and visual recall and recognition memory measures.

To determine whether performance on the more difficult part B was driving the frontal effect on the recognition memory tasks, separate 2 (frontal vs. healthy control) × 2 (part A vs. part B) analyses of variance were conducted on the age-scaled scores for parts A and B (see [Table 2](#tbl2){#tbc2-2 ref-type="table"}). For the Names subtest, there was a significant main effect of group, *F*(1, 119) = 8.54, *p* \< .005, where frontal patients performed significantly more poorly than the healthy controls. There was not a significant main effect of condition (*p* = .65) or a two-way interaction (*p* = .88). For the Doors subtest, again there was a significant main effect of group, *F*(1, 118) = 7.01, *p* \< .01, where frontal patients achieved significantly lower scores than the healthy controls. There was not a significant main effect of condition (*p* = .20) or two-way interaction (*p* = .70). The lack of a significant interaction on both recognition memory tests suggests that frontal patients were poorer than controls in terms of recognition memory performance on both the easy and difficult versions of the tasks.

Discussion {#s19}
==========

In the present study, the recall and recognition subtests of the Doors and People Test ([@c2]) were administered to frontal patients. The main aim of the study was to examine performance on tests of recall and recognition thought to be comparable in terms of difficulty within the same group of frontal patients. The frontal patients were significantly impaired on both the recall and recognition subtests compared to healthy controls. However, although not statistically different, the effect sizes for recall in frontal patients were directionally larger than for recognition memory.

The People subtest of the Doors and People Test assesses verbal recall by providing participants with the occupation of each person to be recalled at test (e.g., What is the name of the minister?). Other studies have tended to provide word stems to aid the recall of study items (e.g., [@c13]) or category labels (e.g., [@c9]). Although the lesion studies adopting word stems at recall have tended not to find frontal effects, our frontal group was impaired on the People subtest when names had to be recalled.

In terms of verbal and visual forgetting, which compare immediate and delayed recall, the frontal patients showed a significant impairment in verbal forgetting when compared with healthy controls. In contrast, our frontal group was not impaired in visual forgetting. This dissociation between verbal and visual forgetting suggests that there may be fundamental differences in the way individuals perform these two tasks. Verbal recall, in particular, is likely to require semantic organizational strategies to assist learning of the associations between names and occupations. Such associations require the production of a mediating link or pathway to facilitate the appropriate response (i.e., occupation) when presented with a particular stimulus (e.g., name), a process known to involve the frontal cortex ([@c8]). The lack of a mediator would make the patients much more susceptible to forgetting. On the other hand, the visual recall of a series of lines in the Shapes subtest is unlikely to rely on such strategies.

Of course, there some inevitable complications with any study assessing large numbers of frontal patients (e.g., different aetiologies, white matter abnormalities). However, no significant difference was found between our tumor and vascular patients. The two important conclusions from our study are that recognition memory is impaired in frontal patients, but recall is more impaired than recognition. These findings are in line with the pattern of effects reported by [@c30]. Our data suggest that when a large sample of frontal patients is assessed with tests of comparable difficulty, the memory impairment is present both in recognition and recall.

###### Performance of the Patient Groups and Healthy Controls on the Background Measures

![](neu_30_3_332_tbl1a){#tbl1a}

  Group              NART IQ          Raven's APM (/12)   GNT (/30)        Phonemic fluency total words   Phonemic fluency errors   Stroop CW time (s)   Stroop CW errors   Frag. letters (/20)
  ------------------ ---------------- ------------------- ---------------- ------------------------------ ------------------------- -------------------- ------------------ ---------------------
  Frontal            108.45 (13.08)   8.30 (2.42)         20.21\* (5.68)   32.34\*\* (14.83)              1.80 (2.02)               160.47\* (72.73)     2.23 (5.56)        19.45 (.93)
                     68--129          1--12               7--30            5--65                          0--7                      70--420              0--28              15--20
  Healthy controls   112.13 (9.69)    8.79 (2.10)         22.49 (4.19)     47.76 (13.37)                  1.68 (1.62)               128.64 (31.35)       .82 (1.75)         19.36 (.81)
                     85--129          3--12               9--30            17--82                         0--6                      62--420              0--9               16--20

###### Mean Age-Scaled Scores and Standard Deviations for the Frontal Patients and Controls on the Doors and People Test

![](neu_30_3_332_tbl2a){#tbl2a}

                       Frontal patients   Healthy controls   Bootstrap 95% confidence intervals                                     
  -------------------- ------------------ ------------------ ------------------------------------ ------ ------- ------------------ --------
  Verbal recall        8.53               3.72               10.95                                3.60   −2.42   \[−3.73, −1.02\]   \<.005
  Verbal forgetting    8.85               2.96               10.64                                2.25   −1.79   \[−2.71, −.82\]    \<.005
  Visual recall        9.57               3.03               11.37                                2.62   −1.80   \[−2.78, −.68\]    \<.005
  Visual forgetting    10.38              1.57               10.41                                1.76   −.03    \[−.63, .57\]      .31
  Verbal recognition   10.11              3.67               11.74                                3.50   −1.64   \[−2.93, −.33\]    \<.05
   Part A^a^           9.82               3.62               11.38                                2.95                              
   Part B^a^           10.02              3.91               11.53                                3.26                              
  Visual recognition   9.19               2.67               10.60                                2.89   −1.41   \[−2.37, −.40\]    \<.01
   Part A^b^           9.73               3.07               10.85                                2.59                              
   Part B^b^           9.26               3.00               10.58                                3.32                              
